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1.0 INTRODUCTION AND DESCRIPTION OF THE WATERSHED  

 

Fordville Dam is a 185 acre multipurpose reservoir built for flood protection, recreation, and 

wildlife habitat on the South Branch Forest River in Grand Forks County. The dam was 

completed in 1981 (NDDoH, 1993).  

 

The recreational opportunities on Fordville Dam include fishing, boating, hiking, and swimming.  

The recreational area encompasses over 900 acres and is managed by the Grand Forks County 

Water Resource Board.  Fordville Damôs recreational area is public friendly with a picnic area, 

outdoor toilets, boat ramp, and parking.  Fordville Dam is a popular destination for local 

residents of Grand Forks, Nelson, and Walsh counties (NDDoH, 1993).   

 

The Fordville Dam watershed lies within three level IV ecoregions.  These are the Northern 

Glaciated Plains ecoregion (46i), which is characterized by a flat to gently rolling landscape 

composed of glacial drift; the Glacial Lake Agassiz Basin (48a), which is extremely flat with 

thick lacustrine sediments underlain by glacial till; and the Sand Deltas and Beach Ridges (48b), 

which consists of parallel lines of sand and gravel formed from the wave action of Lake 

Agassizôs varying shorelines (Figure 3).  The subhumid climate fosters a grassland, transitional 

between the tall and shortgrass prairie. The historic tall grass prairie has been replaced by 

intensive agriculture (USGS, 2006).  Though the soil is very fertile, agricultural success is 

subject to annual climatic fluctuations. Table 1 summarizes some of the geographical, 

hydrological, and physical characteristics of Fordville Dam and its watershed. 

 

Table 1. General Characteristics of Fordville  Dam and Fordville Dam Watershed. 

Legal Name Fordville Dam 

Major Drainage Basin Forest River Basin 

Nearest Municipality Inkster, North Dakota 

Assessment Unit ID  ND-09020308-001-L_00 

County Location Grand Forks County 

Physiographic Region Glacial Lake Agassiz Basin 

Latitude  48.17868 

Longitude -97.76023 

Watershed  Area 29,372 acres 

Surface  Area 185 acres 

Average Depth 11 feet 

Maximum Depth 30.4 feet 

Volume 2,056.4 acre/feet 

Tributaries  South Branch Forest River 

Type of Waterbody Reservoir 

Dam Type Earthen Dam 

Fishery Type Northern Pike, Walleye, Perch, Crappie and Bluegill 
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Figure 1.  North Dakota Game and Fish Contour Map of Fordville Dam. 

 

 
Figure 2. General Location of the Fordville  Dam Watershed and Forest River Watershed. 
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       Figure 3.  Level IV Ecoregions in the Fordville Dam Watershed. 

1.1 Clean Water Act Section 303(d) Listing Information 

 

As part of the 2010 Clean Water Act Section 303(d) impaired waters listing process, the 

North Dakota Department of Health (NDDoH) has identified Fordville Dam as an impaired 

waterbody (Table 2). Based on a Trophic State Index (TSI) score, recreation uses of Fordville  

Dam are impaired due to nutrient/eutrophication/ biological indicators.  North Dakotaôs 2010 

Section 303(d) list did not provide information on any potential sources of these 

impairments.  This TMDL report only addresses the nutrient/eutrophication/ biological 

indicators impairment for recreational use.     

Fordville Dam has been classified as a Class 2 cool-water fishery, ñcapable of supporting 

natural reproduction and growth of cool-water fishes (i.e. walleye and northern pike) and 

associated aquatic biota and marginal growth and survival of cold-water species and 

associated biotaò (NDDoH, 2011). 

 

The fishery that was initially established within the reservoir in 1977 consisted of northern 

pike, walleye, largemouth bass, crappie, and bluegill.  The North Dakota Game and Fish 

Department conducted test netting in June 1990. The results indicated a species composition 

of black bullhead, yellow perch, white suckers, walleye, crappie, bluegill and northern pike.  

Recent fish stockings have included northern pike.  
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Table 2.Fordville  Dam Section 303(d) Listing Information (NDDoH, 2010). 

 

 1.2 Land Use/Land Cover 

  

Land use in the Fordville Dam watershed is primarily agricultural.  According to the 

2007 National Agricultural Statistical Service (NASS) land survey data, approximately 

60 percent of the land is active cropland, 17 percent pasture/grassland, 12 percent 

wetlands, eight (8) percent in urban development, and the remaining three (3) percent in 

either forest, open water, barren, or fallow/idle cropland.  The majority of the crops 

grown consist of spring wheat, dry beans, and soybeans, sunflowers, barley and corn 

(Figure 4). 

 

   

  
Figure 4.  National Agricultural Statistical Survey 2007 Fordville  Dam Watershed 

Land Use Map. 

 

 

 

Assessment Unit ID ND-09020308-001-L_00

Waterbody Name Fordville Dam

Class 2 - Cool-water fishery

Impaired Uses Recreation (fully supporting but threatened)

Causes Nutrient/Eutrophication Biological Indicators

Priority High

First Appeared on 303(d) list 2002
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1.3 Climate and Precipitation 

  

Grand Forks County has a subhumid climate characterized by warm summers with 

frequent hot days and occasional cool days.  Winters are very cold influenced by blasts of 

arctic air surging over the area.  Average temperatures range from 20º F in the winter to 

68º F in the summer.  Precipitation occurs primarily during the warm period and is 

normally heavy in late spring and early summer. Total average annual precipitation for 

Grand Forks County is about 19 inches.  About 16 inches or 85 percent of rain falls 

between April and October.  Average seasonal snowfall is approximately 41 inches.  

Winds prevail generally from the north at an annual average wind speed of 10 mph.  

Figure 4 and 5 shows the annual precipitation and temperature for Grand Forks County 

from 1991-2008. 

 

 
Figure 5.  Total Annual Precipitation at Michigan, North Dakota from 2004-2010.  

North Dakota Agricultural Weather Network (NDAWN).  
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Figure 6.  Monthly Total Rainfall  at Michigan, North Dakota from 2008-2010.  

North Dakota Agricultural Weather Network (NDAWN).  

1.4 Available Water Quality Data   

 

1.4.1 1992-1993 Lake Water Quality Assessment Project 

 

In the early 1990ôs through a grant from the EPA Clean Lakes Program the North Dakota 

Department of Health conducted a Lake Water Quality Assessment Project (LWQA) on 

111 lakes and reservoirs in the state.  The objective of the LWQA project was to describe 

the general physical and chemical condition of the stateôs lakes and reservoirs (NDDoH, 

2002). 

 

In cooperation with the North Dakota Game and Fish Department, lakes and reservoirs 

were targeted based on specific criteria.  Those criteria consisted of geographic 

distribution, local and regional significance, fishing and recreational potential and relative 

trophic condition.  Lakes received the highest priority if they had insufficient historical 

monitoring information (NDDoH, 2002). 

 

Fordville Dam was one of the reservoirs targeted for the 1992-1993 LWQA. As such, 

monitoring consisted of two samples collected in the summer of 1992 and one during the 

winter of 1993.  The samples were collected at one site located in the deepest area of the 

lake (381240) (Figure 6). 

 

The 1992-1993 LWQA Project characterized Fordville Dam as having mean surface 

concentration of total phosphorus of 0.33 mg/L, which exceeded the Stateôs guideline 

goal for lake maintenance and improvement concentration of 0.02 mg/L during all 

sampling occasions.  Nitrate + Nitrite as N exhibited a volume weighted mean 

concentration of 0.11 mg/L (Table 3). 
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Table 3.  Data Summary for Fordville  Dam Lake Water Quality Assessment 

(1992-1993). 

 Parameter 

  

Deepest Site (381240) 

N Avg Max Min  Median 

Total Phosphorus (mg/L) 3 0.33 0.41 0.18 0.39 

Dissolved Phosphorus (mg/L) 3 0.28 0.42 0.13 0.3 

Total Nitrogen (mg/L) 3 1.6 2.41 1.17 1.21 

Total Kjeldahl Nitrogen (mg/L) 3 1.14 1.95 0.62 0.85 

Nitrate/Nitrite (mg/L) 3 0.11 0.29 0.01 0.02 

 

 

1.4.2 2008-2010 Fordville  Dam Water Quality and Watershed Assessment Project 

 

The Grand Forks County Water Resource Board (WRB) in cooperation with the Grand 

Forks County Soil Conservation District (SCD) conducted a water quality and watershed 

assessment of Fordville Dam from November 2008 to September 2010.  Sampling was 

conducted at one tributary inlet site (385419), at the outlet from Fordville Dam (385420), 

and at one reservoir site located in the deepest area of the reservoir (381240).  Monitoring 

sites are identified in Table 4 and Figure 7. 

 

Table 4.  General Information for Water Sampling Sites for Fordville  Dam. 

Sample Site Site ID 

Dates Sampled 

Latitude  Longitude Start End 

Stream Sites  

Inlet 385419 November 2008 September 2010 48.1668934 -97.79549332 

Outlet 385420 November 2008 September 2010 48.18760006 -97.74363767 

Lake Sites 

Deepest 381240 January 2009 September 2010 48.17822054 -97.7601574 
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Figure 7.  Stream and Lake Sampling Sites for Fordville  Dam. 

 

Stream Monitoring   

Sampling frequency for the stream sampling sites was stratified to coincide with the 

typical hydrograph for the region.  This sampling design resulted in more frequent 

samples collected during spring and early summer, typically when stream discharge is 

greatest and less frequent samples collected during the summer and fall.  Sampling was 

discontinued during the winter during ice cover.  Stream sampling was also terminated if 

the stream stopped flowing.  If the stream began to flow again, water quality sampling 

was reinitiated. 

 

Lake Monitoring 

  In order to accurately account for temporal variation in lake water quality, the lake was 

sampled twice per month during the open water season and monthly under ice cover 

conditions. 

 

  The Grand Forks County SCD followed the methodology for water quality sampling 

found in the Quality Assurance Project Plan (QAPP) for the Fordville Dam Water 

Quality and Watershed Assessment Project (NDDoH, 2009). 
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 1.4.3 Nutrient Data 

 

Water quality was monitored by the Grand Forks County SCD in Fordville Dam at the 

deepest site (381240) between November 2008 and September 2010.  Based on the data, 

mean surface total phosphorus and dissolved phosphorus concentrations for Fordville 

Dam were 0.35 mg/L and 0.30 mg/L, respectively.  Average total Kjeldahl nitrogen and 

nitrate/nitrite concentrations were 1.24 mg/L and 0.33 mg/L, respectively and the average 

total nitrogen concentration was 1.57 mg/L (Table 5). 

 

Table 5.  Data Summary for Fordville Dam Water Quality and Watershed 

Assessment Project 2008-2010. 

 Parameter 

Deepest Site (381240) 

N Avg Max Min  Median 

Total Phosphorus (mg/L) 16 0.35 0.92 0.038 0.28 

Dissolved Phosphorus (mg/L) 16 0.3 0.83 0.02 0.23 

Total Nitrogen (mg/L) 16 1.57 2.86 0.87 1.37 

Total Kjeldahl Nitrogen (mg/L) 16 1.24 2.33 0.42 1.11 

Nitrate/Nitrite (mg/L) 16 0.33 1.63 0.03 0.22 

Chlorophyll-a (µg/L) 12 38.71 138 1.5 32 

Secchi Disk (meters) 11 1.8 4.3 0.8 1.3 

 

 1.4.4 Secchi Disk Transparency Data 

  

Secchi disk transparency data were collected during the open water period by the Grand 

Forks County SCD between May 2009 and September 2010.  The average Secchi disk 

transparency for the sampling period was 1.79 meters. In June 2009, Fordville Damôs 

water level was drawn down to allow the North Dakota Game and Fish Department to 

install rip rap near the boat dock.  The drawdown continued for several weeks 

complicating water quality monitoring. Due to the extensive drawdown of the dam, 

further water quality monitoring on the lake was discontinued for the remainder of the 

open water season.  Lake monitoring would resume when the dam refilled with water or 

ice over which ever occurred first.  This may explain the higher Secchi disk transparency 

measurements in July 2009 when compared to July 2010 (Table 6).  Available data 

indicates a rise in trophic condition during the warmest and most productive period of the 

year. 

 

 Table 6.  Secchi Disk Transparency Measurements in Fordville Dam Deepest Site 381240  

 (2009-2010). 

Deepest Site 381240 

Date 

Secchi Disk 

Transparency 

(meters) Date 

Secchi Disk 

Transparency 

(meters) 

5/12/2009 1.0 6/14/2010 4.3 

5/27/2009 3.2 6/29/2010 0.8 

6/10/2009 2.0 7/21/2010 0.9 

7/8/2009 1.3 7/28/2010 1.1 

7/21/2009 2.6 8/11/2010 1.6 

8/12/2009 N/A 9/17/2010 1.0 
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2.0 WATER QUALITY STANDARDS  

 

The Clean Water Act requires that Total Maximum Daily Loads (TMDLs) be developed for 

waters on a state's Section 303(d) list.  A TMDL is defined as ñthe sum of the individual 

wasteload allocations for point sources and load allocations for nonpoint sources and natural 

backgroundò such that the capacity of the waterbody to assimilate pollutant loadings is not 

exceeded.  The purpose of a TMDL is to identify the pollutant load reductions or other actions 

that should be taken so that impaired waters will be able to attain water quality standards.  

TMDLs are required to be developed with seasonal variations and must include a margin of 

safety that addresses the uncertainty in the analysis.  Separate TMDLs are required to address 

each pollutant or cause of impairment (i.e., nutrients, sediment).  

  

 2.1 Narrative Water Quality Standards 

 

The NDDoH has set narrative water quality standards, which apply to all surface waters 

in the state. The narrative standards pertaining to nutrient impairments are listed below 

(NDDoH, 2011). 

 

 All waters of the state shall be free from substances attributable to municipal, 

industrial, or other discharges or agricultural practices in concentrations or 

combinations which are toxic or harmful to humans, animals, plants, or resident 

aquatic biota. 

 

 No discharge of pollutants, which alone or in combination with other substances 

shall:  

1) Cause a public health hazard or injury to environmental resources; 

2) Impair existing or reasonable beneficial uses of the receiving waters; or 

3) Directly or indirectly cause concentrations of pollutants to exceed applicable 

standards of the receiving waters.  

 

In addition to the narrative standards, the NDDoH has set a biological goal for all surface 

waters in the state. The goal states that ñthe biological condition of surface waters shall 

be similar to that of sites or waterbodies determined by the department to be regional 

reference sites,ò (NDDoH, 2011). 

2.2 Numeric Water Quality Standards 

Fordville Dam is classified as a Class 2 cool water fishery. Class 2 fisheries are defined 

as waterbodies ñcapable of supporting natural reproduction and growth of cool water 

fishes (i.e. walleye and northern pike) and associated aquatic biota and marginal growth 

and survival of cold water species and associated biotaò (NDDoH, 2011).  All classified 

lakes in North Dakota are assigned aquatic life, recreation, irrigation, livestock watering, 

and wildlife beneficial uses.  The North Dakota State Water Quality Standards (NDDoH, 

2011) state that lakes shall use the same numeric criteria as Class 1 streams, including the 

State standard for dissolved  nitrate as N, of 1.0 mg/L, where up to 10 percent of samples 

may exceed the 1.0 mg/L, and State  guideline nutrient goals for lakes and reservoirs  

(Table 7).  
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Table 7. Numeric Standards Applicable for North Dakota Lakes and Reservoirs 

(NDDoH , 2011).     

State Water Quality Standard Parameter Guidelines Limit  

Numeric Standard for Class I and 

Classified Lakes 

Nitrates 

(dissolved) 
1.0 mg/L 

Maximum 

allowed
1
 

  

Guidelines for Goals in a Lake 

Improvement or Maintenance 

Program 

NO3 as N 0.25 mg/L Goal 

PO4 as P 0.02 mg/L Goal 

        1 ñUp to 10% of samples may exceedò 
                        

3.0 TMDL TARGETS  

 

A TMDL target is the value that is measured to judge the success of the TMDL effort. TMDL 

targets should be based on state water quality standards, but can also include site-specific values 

when no numeric criteria are specified in the standard. The following sections summarize water 

quality targets for Fordville Dam based on its beneficial uses.  If the specific target is met, it is 

assumed the reservoir will meet the applicable water quality standards, including its designated 

beneficial uses.  

 

 3.1 TSI Target 
 

North Dakotaôs 2010 Integrated Section 305(b) Water Quality Assessment Report 

indicates that Carlsonôs Trophic State Index (TSI), based on Secchi Disk transparency 

depth, chlorophyll-a concentration, and/or total phosphorus concentration are the primary 

indicators used to assess beneficial uses of the Stateôs lakes and reservoirs (NDDoH, 

2010).  Trophic state is the measure of productivity of a lake or reservoir and is directly 

related to the level of nutrients (phosphorus and nitrogen) entering the lake or reservoir 

from its watershed.  Lakes tend to become eutrophic (more productive) with higher 

nitrogen and phosphorus inputs.  Eutrophic lakes often have nuisance algal blooms and 

limited water clarity that can result in impaired aquatic life and recreational uses.  

Carlsonôs TSI attempts to measure the trophic state of a lake using nitrogen, phosphorus, 

chlorophyll-a, and Secchi disk depth measurements (Carlson, 1977). 

 

The three variables (chlorophyll-a, Secchi disk transparency, and total phosphorus) used 

in Carlsonôs TSI independently estimate algal biomass (production as a result of excess 

nutrients). The three index variables are interrelated by linear regression models, and 

should produce the same index value for a given combination of variable values. Any of 

the three variables can therefore, theoretically be used to classify a waterbody. For the 

purpose of classification, priority is given to chlorophyll-a, because this variable is the 

most accurate of the three at predicting algal biomass (Carlson, 1980).  While 

transparency and phosphorus may co-vary with trophic state, many times the changes in 

transparency are not caused by changes in algal biomass, but may be due to particulate 

sediment. Total phosphorus may or may not be strongly related to algal biomass due to 

light limitation and/or nitrogen and carbon limitation. Therefore, neither transparency nor 

phosphorus is an independent estimator of trophic state (Carlson and Simpson, 1996).  
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Based on Carlsonôs TSI and water quality data collected between May 2009 and 

September 2010, Fordville Dam was generally assessed as a eutrophic to hypereutrophic 

lake (Table 8).  Eutrophic lakes are characterized by the growth of weeds and occasional 

bluegreen algal blooms.  Because of the algal blooms and weed growth, these lakes are 

also undesirable for recreational uses such as swimming and boating.  

 

Table 8.  Carlsonôs Trophic State Indices for Fordville  Dam. 

Parameter Relationship Units 

TSI 

Value 

Trophic 

Status 

Chlorophyll-a TSI (Chl-a) = 30.6 + 9.81[ln(Chl-a)] µg/L 66.46 Hypereutrophic 

Total Phosphorus (TP) TSI (TP) = 4.15 + 14.42[(ln(TP)] µg/L 82.30 Hypereutrophic 

Secchi Depth (SD) TSI (SD) = 60 - 14.41[ln(SD)] meters 51.53 Eutrophic 

Total Nitrogen (TN) TSI (TN) = 54.45 + 14.43[ln(TN)] mg/L 59.30 Eutrophic 

TSI < 30 - Oligotrophic (least productive)  TSI 30-50 Mesotrophic 

TSI 50-65 Eutrophic    TSI > 65 - Hypereutrophic (most productive) 

 

According to the phosphorus TSI value, Fordville Dam is a very productive lake 

(hypereutrophic) (Figure 8).  Carlson and Simpson (1996) suggest that if the phosphorus 

TSI value is higher than the chlorophyll-a and Secchi disk transparency TSI value, then 

algae dominates light attenuation but some factor such as nitrogen limitation, 

zooplankton grazing, or toxics limit algal biomass as is the case with Fordville Dam 

(Table 9).  Carlson and Simpson (1996) also state that a nitrogen index value might be a 

more universally applicable nutrient index than a phosphorus index, but it also means that 

a correspondence of the nitrogen index with the chlorophyll-a index cannot be used to 

indicate nitrogen limitation. 

 

Table 9.  Relationships Between TSI Variables and Conditions. 

Relationship Between TSI 

Variables  Conditions 

TSI(Chl) = TSI(TP) = TSI(SD) Algae dominate light attenuation; TN/TP ~ 33:1 

TSI(Chl) > TSI(SD) Large particulates, such as Aphanizomenon flakes, dominate 

TSI(TP) = TSI(SD) > TSI(CHL) Non-algal particulates or color dominate light attenuation 

TSI(SD) = TSI(CHL) > TSI(TP) Phosphorus limits algal biomass (TN/TP >33:1) 

TSI(TP) >TSI(CHL) = TSI(SD) 

Algae dominate light attenuation but some factor such as 

nitrogen limitation, zooplankton grazing or toxics limit algal 

biomass. 
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Figure 8.  Temporal Distribution of Carlson's Trophic Status Index Scores for Fordville  

Dam. 

 

A Carlsonôs chlorophyll-a TSI target of 58.7, equivalent to a 50 percent reduction in total 

phosphorus loading as modeled by BATHTUB, was chosen for the Fordville Dam 

TMDL endpoint.   This will reduce average growing season concentrations of 

chlorophyll-a , total phosphorus and total nitrogen to 17.5 µg/L, 0.113 mg/L and 0.733 

mg/L, respectively, which is predicted to result in a change of trophic status for the lake 

from hypereutrophic to eutrophic.   

 

4.0 SIGNIFICANT SOURCES 

 

There are no known point sources upstream of Fordville Dam.  The pollutants of concern 

originate from non-point sources.  

 

5.0 TECHNICAL ANALYS IS 

 

Establishing a relationship between in-stream water quality targets and pollutant source loading 

is a critical component of TMDL development.  Identifying the cause-and-effect relationship 

between pollutant loads and the water quality response is necessary to evaluate the loading 

capacity of the receiving waterbody.  The loading capacity is the amount of a pollutant that can 

be assimilated by the waterbody while still attaining and maintaining water quality standards.  

This section discusses the technical analysis used to estimate existing loads to Fordville Dam and 

the predicted trophic response of the reservoir to reductions in loading capacity. 
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5.1 Tributary Load Analysis  

 

To facilitate the analysis and reduction of tributary inflow and outflow water quality and 

flow data the FLUX program was employed. The FLUX program, developed by the US 

Army Corps of Engineers Waterways Experiment Station (Walker, 1996), uses six 

calculation techniques to estimate the average mass discharge or loading that passes 

through a given river or stream site. FLUX estimates loadings based on grab sample 

chemical concentrations and the continuous daily flow record. Load is therefore defined 

as the mass of a pollutant during a given time period (e.g., hour, day, month, season, 

year). The FLUX program allows the user, through various iterations, to select the most 

appropriate load calculation technique and data stratification scheme, either by flow or 

date, which will give a load estimate with the smallest statistical error, as represented by 

the coefficient of variation. Output from the FLUX program (Appendix A) is then 

provided as an input file to calibrate the BATHTUB eutrophication response model. For a 

complete description of the FLUX program the reader is referred to Walker (1996).   

 

 5.2  BATHTUB Trophic Response Model 

 

The BATHTUB model (Walker, 1996) was used to predict and evaluate the effects of 

various nutrient load reduction scenarios on Fordville Dam.  BATHTUB performs 

steady-state water and nutrient balance calculations in a spatially segmented hydraulic 

network.  The model accounts for advective and diffusive transport and nutrient 

sedimentation.  Eutrophication related water quality conditions are predicted using 

empirical relationships previously developed and tested for reservoir applications. 

 

The BATHTUB model is developed in three phases.  The first two phases involve the 

analysis and reduction of the tributary and in-lake water quality data.  The third phase 

involves model calibration.  In the data reduction phase, the in-lake and tributary 

monitoring data collected as part of the project were summarized in a format which can 

serve as inputs to the model. 

 

The tributary data were analyzed and reduced by the FLUX program.  FLUX uses 

tributary inflow and outflow water quality and flow data to estimate average mass 

discharge or loading that passes a river or stream site using six calculation techniques.  

Load is therefore defined as the mass of a pollutant during a given unit of time.  The 

FLUX model then allows the user to pick the most appropriate load calculation technique 

with the smallest statistical error.  Output for the FLUX program is then used to calibrate 

the BATHTUB model.  

 

The reservoir data were reduced in Excel using three computational functions.  These 

include:  1) the ability to display concentrations as a function of depth, location, or date; 

2) summary statistics (mean, median, etc.); and 3) evaluation of trophic status.  The 

output data from the Excel program were then used to calibrate the BATHTUB model.   

 

When the input data from FLUX and Excel programs are entered into the BATHTUB 

model the user has the ability to compare predicted conditions (model output) to actual 

conditions using general rates and factors.  The BATHTUB model is then calibrated by 

combining tributary load estimates for the project period with in-lake water quality 

estimates.  The model is termed calibrated when the predicted estimates for the trophic 
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response variables are similar to observed estimates from the project monitoring data.  

BATHTUB then has the ability to predict total phosphorus concentration, chlorophyll-a 

concentration, and Secchi disk depth along with and the associated TSI scores as a means 

of expressing trophic response. 

  

As stated above, BATHTUB can compare predicted vs. actual conditions. After 

calibration, the model was run based on observed concentrations of phosphorus and 

nitrogen, to derive an estimated annual average total phosphorus load of 6,610.3 kg and 

annual average nitrogen load of 37,927.5 kg.  The model was then run to evaluate the 

effectiveness of a number of nutrient reduction alternatives including; (1) reducing 

externally derived nutrient loads; (2) reducing internally available nutrients; and (3) 

reducing both external and internal nutrient loads (See Appendix C for more detail). 

 

BATHTUB modeled the trophic response of Fordville Dam by reducing externally 

derived nutrient loads. Phosphorus was used in the initial set of simulation models based 

on its known relationship to eutrophication and that it is controllable with the 

implementation of watershed Best Management Practices (BMPs) or lake restoration 

methods.  Simulated reductions were achieved by reducing concentrations of phosphorus 

and nitrogen in the contributing tributaries by 10, 25, 50, and 75 percent while keeping 

the hydraulic discharge constant (Table 10). 

 

Table 10.  Observed and Predicted Values for Selected Trophic Response Variables 

Assuming a 10, 25, 50, and 75 Percent Reduction in External Phosphorus and 

Nitrogen Loading.      

 Variable  

Observed 

Value 

Predicted Value 

10% 25% 50% 75% 

Total Phosphorus (mg/L ) 0.256 0.203 0.169 0.113 0.057 

Total Nitrogen (mg/L ) 1.436 1.297 1.085 0.733 0.381 

Chlorophyll-a (µg/L) 38.7 34.31 27.94 17.46 6.54 

Secchi Disk Transparency (meters) 1.8 1.88 2.06 2.44 3.01 

Carlson's TSI for Phosphorus 82.3 80.77 78.15 72.34 62.44 

Carlson's TSI for Chlorophyll-a 66.46 65.28 63.27 58.66 49.03 

Carlson's TSI for Secchi Disk 51.53 50.87 49.58 47.17 44.13 

 

 

To acquire a noticeable change in the tropic status of Fordville Dam, the BATHTUB 

model predicted that a 50 percent reduction in external total phosphorus (and nitrogen) 

loads would achieve the phorphorus TSI target of  0.113 mg/L.  This reduction in 

phosphorus loading is predicted to result in a reservoir in the eutrophic status range 

(Figure 9). 
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Figure 9.  Predicted Trophic Response Measured by Carlsonôs TSI Scores to  Phosphorus 

Load Reductions to Fordville  Dam of 10, 25, 50, and 75 Percent. 

 

 

5.3 AnnAGNPS Watershed Model 

  

The Annualized Agricultural NonPoint Source Pollution (AnnAGNPS) model was 

developed by the USDA Agricultural Research Service and Natural Resource 

Conservation Service (NRCS).  The AnnAGNPS model consists of a system of computer 

models used to predict nonpoint source pollution (NPS) loadings within agricultural 

watersheds.  The continuous simulation surface runoff model contains programs for: 1) 

input generation and editing; 2) ñannualizedò pollutant loading model; and 3) output 

reformatting and analysis. 

 

The AnnAGNPS model uses batch processing, continual-simulation, and surface runoff 

pollutant loading to generate amounts of water, sediment, and nutrients moving from land 

areas (cells) and flowing into the watershed stream network at user specified locations 

(reaches) on a daily basis.  The water, sediment, and chemicals travel throughout the 

specified watershed outlets.  Feedlots, gullies, point sources, and impoundments are 

special components that can be included in the cells and reaches.  Each component adds 

water, sediment, or nutrients to the reaches.   

 

The AnnAGNPS model is able to partition soluble nutrients between surface runoff and 

infiltration.  Sediment-attached nutrients are also calculated in the stream system.  
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Sediment is divided into five particle size classes (clay, silt, sand, small aggregate, and 

large aggregate) and are moved separately through the stream reaches. 

 AnnAGNPS uses various models to develop an annualized load in the watershed.  These 

 models account for surface runoff, soil moisture, erosion, nutrients, and reach 

 routing.  Each model serves a particular purpose and function in simulating the NPS 

 processes occurring in the watershed.  

 

 To generate surface runoff and soil moisture, the soil profile is divided into two layers.  

 The top layer is used as the tillage layer and has properties that change (bulk density etc.).  

 While the remaining soil profile makes up the second layer with properties that remain 

 static.  A daily soil moisture budget is calculated based on rainfall, irrigation, and snow 

 melt runoff, evapotranspiration, and percolation.  Runoff is calculated using the NRCS 

 Runoff Curve Number equation.  These curve numbers can be modified based on tillage 

 operations, soil moisture, and crop stage.   

 

 Overland sediment erosion was determined using a modified watershed-scale version of 

 (Revised Universal Soil Loss Equation) RUSLE.  (Geter and Theurer, 1998). 

 

A daily mass balance for nitrogen (N), phosphorus (P), and organic carbon (OC) are 

calculated for each cell.  Major components of N and P considered include plant uptake N 

and P,  fertilization, residue decomposition, and N and P transport.  Soluble and sediment 

absorbed N and P are also calculated.  Nitrogen and phosphorus are then separated into 

organic and mineral phases.  Plant uptake N and P are modeled through a crop growth 

stage index.  (Bosch et. al. 1998) 

 

The reach routing model moves sediment and nutrients through the watershed.  Sediment 

routing is calculated based upon transport capacity relationships using the Bagnold 

stream power equation (Bagnold, 1966).  Routing of nutrients through the watershed is 

accomplished by subdividing them into soluble and  sediment attached components and 

are based on reach travel time, water temperature, and decay constant.  Infiltration is also 

used to further reduce soluble nutrients.  Both the upstream and downstream points of the 

reach are calculated for equilibrium concentrations by using a first order equilibrium 

model. 

 

 AnnAGNPS uses 34 different categories of input data and over 400 separate input 

 parameters to execute the model.  The input data categories can be split into five major 

 classifications:  climatic data, land characterization, field operations, chemical 

 characteristics, and feedlot operations.  Climatic data includes precipitation, maximum 

 and minimum air temperature, relative humidity, sky cover, and wind speed.  Land 

 characterization consists of soil characterization, curve number, RUSLE parameters, and 

 watershed drainage characterization.  Field operations contain tillage, planting, harvest, 

 rotation, chemical operations, and irrigation schedules.  Finally, feedlot operations 

 require daily manure rates, times of manure removal, and residue amount from previous 

 operations. 

 

 Input parameters are used to verify the model.  Some input parameters may be repeated 

 for each cell, soil type, landuse, feedlot, and channel reach.  Default values are available 

 for some input parameters, others can be simplified because of duplication.  Daily 

 climatic input data can be obtained through weather generators, local data, and/or both.  
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 Geographical input data including cell boundaries, land slope, slope direction, and 

 landuse can be generated by GIS or DEM (Digital Elevation Models).   

 Output data is expressed through an event based report for stream reaches and a source 

 accounting report for land or reach components. Output parameters are selected by the 

 user for the desired watershed source locations (specific cells, reaches, feedlots, point 

 sources, or gullies) for any simulation period.  Source accounting for land or reach 

 components are calculated as a fraction of a pollutant load passing through any reach in 

 the stream network that came from the user identified watershed source locations.  Event 

 based output data is defined as event quantities for user selected parameters at desired 

 stream reach locations. 

 

AnnAGNPS was utilized for the Fordville Dam Water Quality and Watershed 

Assessment project.  The Fordville Dam watershed delineation began with downloading a 

30-meter digital elevation model (DEM) of Grand Forks County.  Delineation is defined 

as drawing a boundary and dividing the land within the boundary into subwatersheds in 

such a matter that each subwatershed has uniformed hydrological parameters (land slope, 

elevation, etc.).  One drawback of using a 30-meter DEM in a relatively flat area such as 

the Red River Valley, is it inability to identify slight changes in elevation.  Due to this 

drawback the AnnAGNPS model can delineate a boundary that does not match the true 

shape of the watershed.  Usually these areas are non-contributing in nature to the 

watershed, as is the case with Fordville Dam (Figure 10). 

  

   
Figure 10.  Fordville Dam AnnAGNPS Delineated Watershed and Non-

Contributing  Area. 

 


